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  Subject Area:  Economic Changes 
     Abstract  
Indonesia occupies the third position as a country with the largest 
tropical forest in the world. In addition, Indonesia is also one of the 
countries with the largest deforestation rate in the world (Austin, 2019). 
The Center for International Forestry Research (2018) shows that the 
total tree cover loss o Indonesian forests in 2001-2018 was 36.7%. The 
impact of the high rate of deforestation in Indonesia is due to economic 
activity. In the demand side, the continued population growth has driven 
the demand for economic output tend to increase. Meanwhile, in the 
supply side, the increase in economic activity encourages 
industrialization and energy consumption, especially non- renewable 
energy because of its relative low cost. Both from the demand and supply 
side drive deforestation for infrastructure development. This study aims 
to analyze the effect of economic variables and energy consumption on 
deforestation in Indonesia. By using the Autoregressive-Distributed Lag 
(ARDL) methods and Error Correction Model (ECM), we use time series 
data from 1980-2017 sourced from the World Bank, OECD, IEA and 
CIFOR. We estimate that there is a statistically significant effect between 
economic variables and energy consumption on deforestation rates in 
Indonesia. The results of our research are expected to provide policy 
recommendations to the government in order to implement a sustainable 
economic development program with an environmental perspective. 
 
 
Keywords: Deforestation, Economic, Energy Consumption, 
Industrialization 
 
Introduction/Background       
      Forest area is land under natural or 
planted stands of trees of at least 5 meters in situ, 
whether productive or not, and excludes tree stands 
in agricultural production systems and trees in urban 
parks and gardens (World Bank). Forests cover 31 
percent of the world's land surface, just over 4 
billion hectares. Indonesia occupies the third 
position as a country with the largest tropical forest 
in the world. Indonesia has 10% of the world's 
tropical forests, 60% of Asia's tropical forests, and a 
significant proportion of the world's remaining 
virgin stands. These forests are home to vast 
numbers of animal and plant species and people. 
Thus their value is substantially greater than simply 
their ability to produce wood and associated forest 
products. In addition, Indonesia is also one of the 
countries with the largest deforestation rate in the 
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world (Austin, 2019). Economic activity and energy 
consumption can cause deforestation in Indonesia. 
Deforestation can contribute to increase in global 
warming which is one variant of climate change. 
Global warming is believed to have negative 
impacts that endanger human life. 
Development in the economic sector is a 
pillar towards a more prosperous society. Therefore, 
developing countries are trying to catch up with 
developed countries by implementing development. 
The fastest way for developing countries to do this 
is by utilizing existing natural resources to be 
exploited so as to spur economic growth, one of 
which is to utilize forest resources through 
deforestation. The Center for International Forestry 
Research (2018) shows that the total tree cover loss 
of Indonesian forests in 2001-2018 was 36.7%. 
Based on Global Forest Watch Research, Indonesia 
lost 26.8Mha of tree cover from 2001 to 2019, 
equivalent to a 17% decrease in tree cover since 
2000, and 10.9Gt of CO₂ emissions. In Indonesia, 
93% of tree cover loss from 2001 to 2019 occurred 
in areas where the dominant drivers of loss resulted 
in deforestation 
Forest goods provide an important “hidden 
harvest” for rural populations, keeping many people 
out of extreme poverty. According to the Poverty 
and Environment Network (PEN), forests are an 
important aspect of rural livelihoods, with rural 
households living near forested areas deriving as 
much as 22 percent of their income from forest 
sources. At the national level, economic growth is 
measured by the increase in GDP. in Indonesia, 
Gross Domestic Product (GDP) has an increasing 
trend. At 2019, GDP at Current Market Prices is 
IDR 15.833.943,4 Billion. If there is an increase in 
GDP, it means that the aggregate national 
production capacity increases. Futhermore, the 
continued population growth has driven the demand 
for economic output to increase. The problem arises 
when people exploit forests to fulfill this matter 
because of the potential of forests in Indonesia, thus 
causing deforestation. 
Economic activity is closely related to 
human behavior, while intensity is related to 
technological development. The increase in 
economic activity encourages industrialization. 
Thus, industrialization can cause increasing energy 
consumption. In 2018, primary energy consumption 
for Indonesia was 7.99 quadrillion btu. Primary 
energy consumption of Indonesia increased from 
3.85 quadrillion btu in 1999 to 7.99 quadrillion btu 
in 2018 growing at an average annual rate of 3.98%. 
Currently, final energy consumption is still 
dominated by the use of fuel with a share of 50%. 
The largest sector that uses energy is the 
transportation sector (43%) followed by the 
industrial sector (35%), the household sector (14%) 
and the rest, the commercial sector, and others. 
Industrialization that relate with energy 
consumption can cause deforestation for 
infrastructure development.
Literature Review  
 Based on the empirical result of Khalid et 
al. (2014) by using time series data from 1980– 2013 
with deforestation as an indicator (dependent 
variable) for environmental degradation, and four 
independent variables (economic growth, energy 
consumption, trade openness, and population) 
through The Autoregressive Distributed Lag 
(ARDL) bounds testing approach to cointegration 
  Kemala Sari Agusti, Widyastuti Nur Al Amin, Diaz Permatasari 
 
 
10 - IJDS 
 
and the VECM–Granger causality test. They 
confirmed the existence of cointegration among the 
variables both in long-run and short-run paths. The 
results suggest that a 1% increase in growth adds 
2.782% deforestation in the short-run; if growth 
continues, the effect decreases to 0.035% in the 
long-run. Similarly, in the short-run, a 1% increase 
in energy consumption and population contribute 
2.80% and 7.948%, respectively, and in the long 
run, 0.039% and 1.13%, respectively. In contrast, 
trade has little effect on deforestation in Pakistan. 
There was a unidirectional causality between 
income and energy consumption to deforestation 
and a bidirectional causal effect was detected 
between income and energy consumption. However, 
income and trade openness Granger causes energy 
consumption. 
 Syeda et al. (2013) investigate short-run or 
long-run the causal relationship between energy 
consumption (i.e., nuclear energy consumption, 
electricity power consumption and fossil fuels 
energy consumption) and economic growth; energy 
consumption and industrialization (i.e., industrial 
GDP, beverages and cigarettes); energy 
consumption and environmental degradation (i.e., 
carbon dioxide emissions, population density and 
water resources); and finally, energy consumption 
and resource depletion (i.e., mineral depletion, 
energy depletion, natural depletion and net forest 
depletion) in Pakistan over a period of 1975–2011. 
The method used is the Granger causality test to 
determine the strength of the relationship between 
variables. Results of the study show that there exists 
a unidirectional relationship of energy demand to 
manufacturing and services sectors of Pakistan at 
different frequencies. The most significant 
relationship among all variables of energy demand 
and industrialization would be from nuclear energy 
to industrial growth in the long run and electricity 
power consumption to industrial growth in the short-
run. The results indicate almost insignificant direct 
relationship between resource depletion and energy 
demand. 
 Raheel et al. (2014) investigate the shortrun 
and long-run causality relationship among energy 
(electricity production from renewable sources), 
carbon dioxide emissions, natural resource 
depletion, Gross Domestic Product (GDP) and 
poverty in selected SAARC countries, namely, 
Bangladesh, India, Nepal, Pakistan and Sri Lanka, 
over a period of 1975-2010. This study used unit 
root test is performed for checking the stationarity 
of the variables and also employ Pedroni's (1999) 
FMOLS estimation procedure to obtain estimates of 
the cointegrating vector in the five long-run 
equations. The results provide evidence of the 
existence of a positive causal link and have a 
longrun existence of energy production, 
environmental degradation, poverty and income in 
SAARC region. 
 Thomas (2015) conducted a study on the 
national determinants of deforestation in sub-
Saharan Africa. The independent variables all 
represent conditions before 2000, whereas the 
dependent variable represents processes occurring 
during the 2000–2005 period, so the equations do 
not exhibit simultaneity biases. The dependent 
variable used is the level of deforestation, while the 
independent variable used includes proportion of 
lands that are unsuitable for agriculture, carbon 
stock density in forests, proportion of the population 
living in urban areas, 2000, oil and gas receipts as% 
of exports, cereals imports per capita, and 
population growth 1990s (% per annum). This study 
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used spatially lagged regression models that allow 
for deforestation in one spot during one period to 
create deforestation in adjacent spots in subsequent 
periods. Results of the study show that the most 
extensive clearing occurred in dry forest areas, so 
the countries with less dense forests and lots of arid 
lands unsuitable for agriculture experienced higher 
rates of deforestation. In this analysis the urban 
population can spur deforestation by increasing the 
demand for agricultural products. 
 
Methodology 
This study uses a quantitative approach to 
determine how the influence of the independent 
variables on the dependent variable. By using the 
diagnostic test and multiple regression of the 
Autoregressive-Distributed Lags (ARDL) method 
where data processing uses the Stata 13 software. 
The data used is a type of time series and is 
secondary data from official sources. The following 
is Indonesian data for 1985-2016, where the 
information sources for the variables are presented 
in the following table: 
Table 1. 
 Source of Data 
Variables SYMBOL Unit Sources 
 
Forest Area 




























































Where the hypothesis of the relationship 
between forest area decline, economy and energy 
consumption based on the Environmental Kuznet 
Curve (EKC) theory is formulated with the following 
model: 
DEFORt  = β0 + β1 GDPt + β2 (GDPt)2 + β3 
TOt +β4 FDIt + β5 CPOt + β6 OILt 
+ β7 COALt + β8 GASt +µt (1) 
This study uses the ARDL method to 
determine the dynamic relationship between 
variables. Distributed-Lag model involves the lag 
(past value) of the independent variable (X) in the 
model, meaning that the Y (dependent) variable is 
influenced by the independent variable and the lag 
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of the independent variable itself. Meanwhile, the 
Autoregressive Model involves the dependent 
variable lag (Y) in the model (Gujarati, 2009). 
Where is the model as follows: 
In the above model, γj represents the 
longterm relationship between variables. To 
determine the long-term relationship of the non-
statistical variables in a model, it can be seen 
through linear combinations. If both variables 
contain the unit root element or are not stationary, 
the linear combination of the two variables may 
indicate otherwise. The error term in the time series 
regression equation is a linear combination 
(Gujarati, 2009). If the disturbance variable is not 
stationary at the level, the two variables are 
cointegrated. 
Cointegration of time series variables in the 
long run even though these variables are not 
statistical at level I (0) indicates imbalance in the 
short term, so adjustments are needed to correct the 
short term with the Error Correction Model (ECM) 
with the following model: 
 
A significant negative relationship ECT is 
expected to show an indicator of long-term 
causality, while a significant lag indicates shortterm 
causality. To determine the variable statistical use 
the Augmented Dickey Fuller test, while the 
robustness of the model estimation uses several 
diagnostic tests such as: i) Breusch-Godfrey LM to 
test autocorrelation ii) Breusch-Pagan test to test for 
heteroscedasticity iii) Skewness test to test for 
normality iv) Ramsey RESET for model 
specifications. 
 
Breusch-Godfrey LM to test autocorrelation 
H0: No serial correlation 
H1: There is serial correlation 
Reject the null hypothesis if p-value <α (1%, 5%, or 
10% 
 
Breusch-Pagan test to test for heteroscedasticity 
H0: Homoscedasticity 
H1: Heteroscedasticity 
Reject the null hypothesis if the p-value <α (1%, 5%, 
or 10%) 
 
Skewness test to test for normality 
H0: residual normally distributed 
H1: residual not normally distributed 
Reject the null hypothesis if the p-value <α (1%, 5%, 
or 10%) 
 
Ramsey Reset for model specifications. 
Ho: The model used is correct  
H1: The model used is not quite right 
(misspecifications) Reject the null hypothesis if 
the p-value 
 
Result and Discussion 
The validity of the estimation model when 
all variables are statistically at the level or first 
difference. The following table is the variable 
statistical level, where at the level of the variables 
are not statistical, except for the TO variable which 
is already statistical at the level, while the other 
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variables are statistical at level I (1) and for the 
stationary area at the second difference level I (2) 
through ADF test, this condition shows that ARDL 


























(GDP)2 11.822 -2.978  
 [1.000] [0.0370]*  




FDI -1.366 -5.944  
 [0.911] [0.000]*  





























**: level signifikan 5% 
p-value are within the parenthess 
 
Then the ADF from the error term at the 
first level shows a significant number, this indicates 
that the two variables are co-integrated so that a 
long-term relationship occurs in that variable. Then, 
the conclusion of the diagnostic test is shown in the 
summary below, using a significant level of 5% and 
the p-value are within the parenthess. 
Table 3. 
















































DW Test 1.794 > R-square 0.9983 




From the conclusion of the diagnostic test 
above, it shows that there is nothing significant at 
the 5% level, there is no heteroscedasticity, 
autocorrelation, normally distributed and does not 
contain misspecifications. The results also show that 
the Durbin-Watson test value is greater than R- 
squared which indicates the absence of spurious 
regression. This indicates that this study is robust. 
The next is the long-term estimation result of this 
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From the above conclusion, it shows with a 
significance level of 5% that simultaneously the 
estimated variable is significant, then the R- squared 
value of 0.9964 means that 99.64% of the variation 
of the independent variables is able to explain the 
dependent variable, while 0.36% is explained by 
other variables outside the model. 
 
Figure 2. 




Alpha 5% p-value are within the parenthess 
Figure 4.2 shows that at a significance level of 5% 
of GDP (0.000 <0.05), trade openness (0.000<0.05), 
has a significant negative effect on forest area. 
Meanwhile, FDI (0.000 <0.05) significantly 
increases forest area in the long term. Then for the 
variable energy consumption of oil (0.000 <0.05) 
and gas consumption (0.017 <0.05) have a 
significant effect on deforestation in Indonesia in the 
long run, indicated by the negative coefficient value 
on forest area. 
Figure 4.2 also indicates that the EKC 
hypothesis in the form of a U-shaped curve occurs 
in Indonesia in the long run, this is shown by the 
significantly negative value of the coefficient (GDP) 
2, which indicates that the greater the economic 
growth, the reduced contribution of the economy to 
forest deforestation due to concentration more 
towards the environment as well as environmental- 
based program improvements established. 
 
 
Figure 4.3 Short-Term Estimation Results 
 
Next, the short-term estimation results 
are presented through the conclusions in Figure 4.3. 
At the 10% significance level, GDP (0.071 <0.10) 
has a negative effect on forest area in the short term. 
Whereas at the level of 5% of GDP in the previous 
year it positively affected forest area. 
Then, at the level of 5% CPO exports (0.004   
<0.05)   and   FDI  (0.000   <0.05)   have a positive 
effect on forest area in the short term. And for the 
variable energy consumption of oil (0.003<0.05) 
and gas consumption (0.015 <0.05) have a negative 
effect on forest area. This picture shows that ECT 
value is significantly has negative coefficient, which 
means that the ECM is valid. And if there is shocks 
is a particular period, it need 32.37% adjustment to 
reach back the equilibrium. 
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Conclusion 
Based on research, at a significance level of 
5% of GDP and trade openness has a significant 
negative effect on forest area. Meanwhile, FDI 
significantly increases forest area in the long term. 
Then for the variable energy consumption of oil and 
gas consumption have a significant effect on 
deforestation in Indonesia in the long run, indicated 
by the negative coefficient value on forest area. The 
EKC hypothesis in the form of a U-shaped curve 
occurs in Indonesia in the long run, this is shown by 
the significantly negative value of the coefficient 
(GDP) 2, which indicates that the greater the 
economic growth, the reduced contribution of the 
economy to forest deforestation due to concentration 
more towards the environment as well as 
environmental-based program improvements 
established. 
The provision of an adequate and affordable 
energy source is imperative to support sustainable 
growth and development. Therefore, 
The government needs to collaborate, 
among others, in securing adequate energy supply, 
developing renewable energy, increasing access to 
modern energy and energy efficiency. One way to 
achieve the energy mix target is by creating 
regulations and permits in order to increase 
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